Background: Hypertension is considered one of the commonest medical problems and affects more than 25% of the general population, with its prevalence increases with age. It is associated with a wide variety of health challenges like stroke, heart failure, renal failure and reproductive disorders.
Introduction
HYPERTENSION is a chronic medical condition in which the blood pressure (BP) in the arteries is elevated [1] . It is considered a major public health epidemic and affects more than 25% of the general population, with its prevalence increasing with age. It is associated with a wide variety of health challenges like stroke, heart failure and renal failure [2] .
Evidence suggests that hypertension is associated with an impairment of male sexual function, [3] but their pathophysiological pathways are yet to be clearly elucidated.
L-NAME (N-nitro-l-arginine methyl ester) which is considered an inhibitor of nitric oxide (NO) biosynthesis is used to induce hypertension experimentally. NO can act as a free radical scavenger, inactivating and even inhibiting production of superoxide anions. This suggests a beneficial role for NO in the male reproductive system [4] .
Cell structure and function is the focus of disruption by oxidative stress. The imbalance of antioxidants and free radicals represented a key affective item. There are a variety of enzymes ameliorating the effect of free radicals in the normal physiologic conditions, including superoxide dismutase, catalase, glutathione peroxidase and glutathione reductase [5] .
The association of hypertension with increased incidence of male sexual dysfunction includes problems related to libido, erection and ejaculation [6] . In addition, it has also been reported to cause male infertility via a decrease in blood flow to the testis [7] .
A reduction of blood flow to various vital organs of the body as a result of vasoconstriction of the arterial vessels is one of the principal manifestation of hypertension. NO can act as a free radical scavenger, inactivating and even inhibiting production of super oxide anions which cause lipid peroxidation, a process which leads to functional impairment of spermatozoa [8] .
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Dietary Supplementation of Quercetin & the Reproductive Functions
Quercetin is one of the flavonoids, present in fruits, vegetables, plant-derived foods and medicines. Quercetin has been reported to improve neurobehavioral changes, neuronal and hepatic oxidative damage as well as apoptosis adult rats [9,10] .
Quercetin is well known to possess multiple biological activities including antioxidant and free radical scavenging activities as well as a potential anti-carcinogenic activity [11] . The aim of the present study was to investigate the possible protective effects of quercetin on male reproductive functions in L-NAME-induced hypertensive rats.
Patients and Methods
Experimental animals: 50 Male Wister Albino rats (200-220g) were purchased from the Faculty of Science Tanta University 2016. All animal experiments were undertaken with the approval of Ethical Animal Research Committee of Tanta University. The animals were housed at temperature 20-22ºC, exposed to alternate cycles of 12h dark/ light throughout the study and fed chow ad libitum. All rats had free access to distilled water. Animals were kept for 2 weeks for acclimatization.
Chemicals: Quercetin and L-NAME were obtained from Sigma-Aldrich, Egypt.
Experimental design: Rats were randomly divided into 5 groups 10 per each. Control group served as a normotensive control group (received saline with the same volume used to dissolve L-NAME and quercetin by gavage throughout the experiment (4 weeks). The Quercetin group: Was administered intragastrically with Quercetin dissolved in normal saline at a concentration of 50mg/ Kg b.w. for 4 weeks. The L-NAME group (hypertensive group received L-NAME (40mg/Kg/day, dissolved in normal saline by gavage for 4 weeks). The L-NAME plus atenolol: Received L-NAME (40mg/Kg/day) plus atenolol (10mg/kg/day) orally for 4 weeks. The L-NAME plus Quercetin: Received L-NAME (40mg/Kg/day) plus quercetin 50mg/Kg b.w. for 4 weeks [4] .
In all rats, systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean arterial blood pressure (MAP) were measured in awaken animals 24h after the last treatment by tail-cuff plethysmography. MAP=DBP+1/3 pulse pressure. Rats were conditioned with the apparatus before measurements were taken (Kent Scientific; Rat Tail Blood Pressure System for rats and mice, India).
Following blood pressure monitoring, the final weights of the rats were taken and blood samples from retro-orbital venous plexus were collected in heparin as anticoagulant. Blood was centrifuged at 3500g for 10 minutes for obtaining plasma. Excision of the testis and epididymis and their tissues were blotted with filter paper, weighted and processed for further biochemical and histological assay. The organo-somatic indices (OSI) were determined using the formula, OSI=100 x organ weight (g)/body weight.
Sperm motility and viability assays:
The sperms were collected immediately according to the method described by Zemjanis [12] . The data were expressed as percentage of sperm progressive motility. Sperm viability was determined according to established procedures [13] . The serum total testosterone level was measured by ELISA method using DRG Elisa testosterone kit (Germany) according to the standard protocol supplied by the kit manufacturer [14] . Serum LH hormone and FSH were estimated according to the instructions postulated [15, 16] respectively. Nitric oxide (NO) content in testes and epididymis supernatant was estimated according to a method described by the manufacturer. Testis and epididymis nitrite and nitrate levels were expressed as Nano mole of NO/milligram of protein [17] .
The arginase activity of testis and epididymis from normotensive and hypertensive rats were assay as described by Mendez et al., [18] .
The GSH level in the testis and epididymis was measured according to the method described by Bradford using serum albumin as standard [19] .
Lipid peroxidation was determined as the formation of thio barbituric acid reactive substances (TBARS) according to a previously published study [20] . TBARS tissue levels were expressed as µ mol MDA/mg of protein.
Glutathione-S-transferase activity was determined according to the method of Habig et al., [21] .
Total thiol content (T-SH) was determined according to the method previously described by Akinyemi et al., [22] .
Reactive oxygen species (ROS) production was estimated using the method described by Lovato et al., [23] .
Histopathological examination was performed according to the method described and established Statistical analysis: All values were expressed as mean ± SD. SPSS version 16.0 was used for statistical analysis. Data were statistically analyzed using one-way ANOVA for multiple group comparison. Significance was set at p≤0.05.
Results
Mean arterial blood pressure body, weight gain and organo-somatic indices of the testes and epididymis in L-NAME-induced hypertensive rats:
Oral administration of L-NAME elevates the final MAP significantly when compared with the control group and quercetin groups. There was a significant hypotensive effect of quercetin and atenolol with no significant difference between atenolol and quercetin groups. The MAP was still higher in atenolol and quercetin groups compared with both the control and quercetin groups (Fig.  1) . The body weight gain and organo-somatic indices of the testes and epididymis in all groups remain unaffected during this study (Table 1) . 
Sperm progressive motility and viability:
L-NAME hypertensive group showed a significant reduction of epididymal sperm motility and viability compared to the control and the quercetin groups. Significant improvement of sperm motility and viability was observed after quercetin supplementation to the hypertensive L-NAME group. The same was observed following atenolol therapy. No significant difference was present when comparing the L-NAME plus atenolol to L-NAME plus quercetin (Figs. 2,3 ). *: Means significant compared with the control group. #: Means significant compared with the quercetin group. ¥: Means significant compared with the L-NAME group. π : Means significant compared with the L-NAME + Atenolol group.
Testosterone concentration, LH, FSH, Nitric oxide (NO) level and arginase activity:
Serum testosterone, LH and FSH levels were significantly reduced in hypertensive group. Quercetin and atenolol administration significantly restored the hormonal levels. Regarding testosterone, treatment with quercetin or atenolol restored (Figs. 4-6 ).
Nitric oxide (NO) level was reduced in the testicular and epididymal tissues in hypertensive rats. Significant elevation of NO in both L-NAME plus quercetin and L-NAME plus atenolol but still lower than the control and quercetin groups. Testicular and epididymal arginase activity were increased significantly in hypertensive animals. Significant reduction of testicular and epididymal arginase activity following quercetin and atenolol therapy of hypertensive induced rats was reported. However, no significant changes were observed when comparing epididymal arginase levels in L-NAME treated with either quercetin or atenolol groups compared with both control and quercetin groups ( Table 2) . Control Quercetin L-NAME L-NAME + Atenolol L-NAME + Quercetin 
Antioxidant status in testicular and epididymal tissues:
L-NAME administration produced a pronounced decrease in the GSH and T-SHs levels and elevation in the ROS and TBARS. Quercetin supplementation as well as atenolol produced a significant increase of the GSH and T-SHs with a concomitant decrease in the ROS and TBARS compared with L-NAME hypertensive group (Table 3) . *: Means significant compared with the control group. #: Means significant compared with the quercetin group. ¥: Means significant compared with the L-NAME group. π : Means significant compared with the L-NAME + Atenolol group. 
Histopathological examination:
Histopathological examination of the control and quercetin groups showed Normal testicular tissue with seminiferous tubules (Figs. 8,9 A,B) . L-NAME hypertensive group showed testicular damage, marked widening of interstitial spaces and reduction of spermatogenesis (Fig. 10A,B) . L-NAME plus atenolol group showed mild improvement in the seminiferous tubules structure and narrowing of the interstitial spaces ( Fig.  1 1 A,B) . L-NAME plus quercetin showed marked improvement of the seminiferous tubular structure and marked narrowing of the interstitial spaces (Fig. 12A,B) . 
Discussion
There is a growing interest in the use of biologically active plant substances, as potent antioxidants in assisted reproduction technologies [25, 26] . Some polyphenols such as quercetin have a powerful antioxidant effect [27, 28] . Antioxidant supplements have been used in cryopreservation and culture media [29, 30] .
The link between hypertension and male fertility was reported in many studies [31, 32] . Our study postulated an important evidence that quercetin reduced the reproductive disability associated with hypertension. Quercetin attenuated the L-NAME induced blood pressure elevation and improved the hypertensive mediated abnormalities especially in sperm motility and viability, antioxidant status and endocrine functions. Furthermore, quercetin abrogated the elevation of oxidative stress parameters.
The mechanisms explaining the effects of quercetin on blood pressure modulation are not fully understood, with alteration in cell signaling and expression of genes being the most probable. Different meta-analytical studies had shown a significant blood pressure lowering effect of quercetin.
L-NAME had a pronounced elevation effect on the ABP by inhibition of NOS with a subsequent increase in the peripheral resistance and high blood pressure [4] . L-NAME induces NO-deficient hypertension via inhibition of NOS with subsequent increase of the total peripheral resistance and high blood pressure.
NO inhibition affects sperm motility and viability so, NO is regarded as an important mediator of male reproduction. NO serves as a free radical scavenger and inhibits the production of superoxide anions. These superoxide anions are considered the leading cause of lipid peroxidation with subsequent impairment of spermatozoa [22] .
The balanced state between the antioxidants as GSH and T-SH and ROS production is essential for normal spermatogenesis together with the sperm function and the male fertility. Hypertension creates imbalance between the antioxidant status and the ROS generation [33] .
In this study, significant elevations of ROS and TBARS in hypertensive rats with subsequent reduction of GSH and T-SH values were reported. This leads to the damage of the testicular and epididymal tissues. Excessive production of lipid peroxidation parameters may lead to overconsumption of GSH and T-SH. The GSH and T-SHs levels were decreased in the epididymis and the testis. GSH reduction may suggest overutilization to withstand oxidative damage. Reduction of T-SHs may be due to reduction of its substrate or inhibition by excessive free radicals in the hypertensive group. Quercetin prevented the reduction of GSH and T-SH levels with subsequent reduction of ROS and TBARS levels in the testes and the epididymis of L-NAME hypertensive rats.
Quercetin prevents ROS production [34] . Quercetin was found to be one of the most powerful flavonoids for protection against the reactive oxygen species that are produced during the normal oxygen metabolism or induced ROS [35] . L-NAME induced hypertension was associated with marked reduction of LH, FSH and testosterone levels with a definite hormonal imbalance. Normally, LH from the anterior pituitary gland acts on the testicular interstitial cells of leydig to stimulate testosterone hormone secretion. Testosterone together with FSH act on the Sertoli cells to stimulate spermatogenesis. The interstitial cells of leydig are the main source of testosterone which is essential for spermatogenesis. Reduction of testosterone level in the L-NAME hypertensive rats may be due to damage of testicular and epididymal tissues due to oxidative stress or secondary to decreased LH level [21] . The same results were mentioned by Morakino and his group [11] . The changes of sperm motility and viability could result from decreased hormonal concentrations associated with hypertension. This reduction of the sperm motility and viability may result in its inability to reach the site of fertilization and penetration of zona pellucida [36] .
Normal blood flow to the testis and epididymis is essential for spermatogenesis. Any effective reduction of testicular and epididymal perfusion will participate in reduction of male fertility [37] .
Endothelium nitric oxide synthase (eNOS) needs L-arginine and O2 for (NO) and citrulline manufacture. L-Arginine is also utilized by arginase enzyme, that helps conversion of L-arginine into L-ornithine and urea. Arginine is considered a substrate for both nitric oxide synthase and arginase which is a key point in NO/c GMP. Up-regulation of one enzyme leads to down regulation of the other and vice versa. In our study, there was a significant rise of arginase level in the L-NAME hypertensive group compared with both the control and the quercetin groups with significant reduction in L-NAME plus quercetin and L-NAME plus atenolol groups. Increased arginase activity in L-NAME hypertensive group may be due to the inhibition of eNOS by L-NAME so, favoring the arginase pathway. Reduction of NO impairs the testicular and epididymal tissue perfusion [38] .
The interesting finding in our study was that B blocker (atenolol) had improved the oxidative stress in hypertensive animals. Different previous studies had postulated a potential link between the sympathetic activity and oxidative stress. Monoamine oxidases catalyze oxidative deamination of catecholamines. Thus, oxidation of catecholamines is a source of reactive oxygen species (ROS) [39] .
The knowledge that (3 -adrenergic stimulation is the main driver of ROS generation in mitochondria has indicated the use of (3 -adrenergic receptor blockers to reduce oxidative stress in cardiac failure [40] .
There was histopathologic damage without significant change in the weights of the testis and the epididymis following hypertension induction using L-NAME.
Testicular damage marked widening of interstitial spaces and reduction of spermatogenesis as evidenced by appearance of focal area of sperm maturation arrest. The Histopathological alterations observed may be due to direct or indirect effect of elevated ROS with subsequent induction of lipid peroxidation and disturbance of the structure and the functions of the testis and the epididymis [1] . However, quercetin and atenolol administration effectively reduced these testicular and epididymal lesions supporting the biochemical data.
Conclusion:
This study highlights the importance of quercetin on reproductive abnormalities in L-NAME hypertensive rats. The restoration of the hypertensive related reproductive dysfunctions are achieved by quercetin antioxidant and antihypertensive effects. Quercetin administration may be a good approach to minimize the reproductive deficits in hypertensive patients. Quercetin might be considered as an add-on therapy for hypertension and hypertensive related reproductive dysfunctions. The beneficial effect of B adrenergic blockers and oxidative stress needs further studies to be elucidated clearly.
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